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l~abrication of a l)iffusioll Cooled S[i])crcor](l~Icti)~g IIot Electron liolomctcr
for ‘1’]lz Mixi~]g Applications

Ilruce Ilumblc and IIenry  (i. I,eDuc
Center for Space hlicroclcctronics l’cchnology, Jet I’ropu]sion  I,aboratory,  I’awrdcnrr,  CA

Absfrcrck--Recent  i n t e r e s t  i n  bolorneters  f o r  heterodyne
mixing applications has prompted devclopnlerrt  of microbridges

which are small enough to allow electron diffusion to dominate

over electron-phonon interaction as a cooling mechanism. Prior

rcsultsat  S33 Gflzbavc  demonstrated several (3117.  intcrrncdiate
frequency (III’) bandwidth. IIcre we rlescrihe  our processing

method  in which the trolomcter  elenlerst is a 1000I thin film of

niobinm d e f i n e d  b y  e l e c t r o n  bean) l i t h o g r a p h y  d o w n  t o
dinlcnsion so f80nnl.  I’bisn]icrobridg  eisenlbedde din anormal

nletal(Au)  antenna stricture for 1.2 and 2.51’11z  npplicntions.

1. ]N’I”IU31)UC’I ION

not  electron bolometric (l IILII) mixers  have g,ained
interest in the field of sub-mm radio astronomy because of
the promise of lower noise arlcl lower 10CZLI  oscillator (10)
power requirements than cxistiny, alternatives in the TIIz,
ranse [1]. Results at 533  G}lz. hrrw showrl  double siclc barlcl
(1)S11) receiver noise tcrnpcrature  to be 650K with an 11’
bandwidth of 1.7 GIIY [?]. C)tbcr results obtained with
experiments at =lO(iIlz llavcextei~ded  tt~e-3dll rolloff o f
the rcs}~onse tl~>to6G11z.  Llsil~~ shorter structures [3].

I)iffusion  cor~tlolled  coolirlg, o f  t h e  supcrcollductirlg
transition eclge IIlill requires that dimensions of ttlc
rniciobridge  link bc reduced below the electron -phonon
scattering Ienp,th  ancl ideally rlear the electron-electron
iltelastic scattering length. l’hec}~oiccofl~iobitlll~ fortbc  link
nlaterial  alon!, with tbc resis tance rcquirccl  fc)r c i r cu i t
n~atc.hill~ sets the g,eometry  of the device. I;ilrn thickrless
determines tile sheet resistance anti transition terupel-ature (’I’C
). Niobium films of 10 nrn thickness exhibit a “]’, of about 6 K
with a ncmnal state rcsistivit>~ just above the transition (plO~)
irl tbc rarlgc of 20-50 ~tf.lcn~, h4icrobricl~,c resistance values
alc dcsigl~ccl between 50 to 100 f> which gives a nominal
lcnp,tb of 300 nm fora wicltb of 100 nrn. “l’hick Sold pacls
srxvc to ctcfrnc the Ien?,th of the nlicrobriclge  allcl to prevent
Anclrecv reflections from trappins, heat in the microbridgc.
l,ithop,raphic rrli~nment  difficulty arises if the Nb is to sprcac]
completely under the normal metal heat sinks for improved
ccmcluction. We h a v e  t h u s  clcvelopecl a self-al  i~necl
[mccssing  tncthoc{ which results from overlapping tbe link
scctic)n with the pacls scctic)rl and usins tllc composite as ttlc
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c-tch nlask.

The 1’117 }11{[1 devices for quasioptical rcccivcrs are
fabricated either on quar(z wafers  for 1.2 “1”}17 double dipole
antenna structures or on silicon wafers for 2.5 ‘1”1  lZ twin slot
antenna structures. All wafers are 76 mm in diameter and
0.2.S4 mm thick. Silicon substrates arc 2000 Qcm, (1 11)
orierrt:ition  ancl the quartz arc single crystal z-cut. A simple
org,anic solvent cleaning procedure is used on both and is
followed by a dilute (1 O: 1) I IF dip for the Si substrate just
prior to lc)adirlg into the vacuum systero.

Our process chamber is a Ioad-lockecl  ultra-high vacuum
system with a base pressure of 5 x 10”8 I’a . Substrates are
mounted with edge clips on a 13 mm thick alun~inum disk
which keeps them near rooln  temperature cluring processing.
‘l’he substrates are arq.on ion beam cleaned in-situ at 150 eV,
0.?5 nlA/cro2 (rncasureci  at source) for 30 seconds. qhe
niobium link layer is then mag,nctron  sputtered at a distance
of 80 mm from a 76 mm target, A blanlwt  Nb film thickness
of 10 m is controlled by time using a cleposition rate of 0.7s
nrnls.  ‘1’hen a p,old cappirr: layer is thermally evaporated to a
t}lickness of 15 nrn to prevent Nb oxidation. ‘1’he  result is
shown in Fig. 1 a.

All features s 1 IInl in size are patterned by direct write
electron beam (e-bcarn)  litbog,taphy  using a .fILC)l,-5  system.
I ar~,er structures arc patterned by optical lithography using
either a Karl SLISS contact ali~,r~er  or a (iCA 5:1 prc!jectioll
l-li!le  stepper / alip,ncr.

}Ilanket ccmtccl wafers are next optically pattmicd  with
alipnrnent marks for subsequent steps. ~’oor eqo:iliy Spacect
10 x 100 pln sixcl  crosses are placecl near the wafer edge.
Wc CICJ this by usinp, A75214 pbotorcsist  ill an imap,e rcversecl
rnoclc for good lift-off of 90 ntn Au on 10 nrn ‘l’i.

‘i’he width of the bc)lorneter  lirlk is defined in the first
e-beam Iithop,raplly step. We have chosen a bilaycr stencil
technique which is composed of two layers of
polynjethylrnetha  crylatc ( I ’MMA) of  ciiffercnt Incrlecular
wei~$ts , where the tclp layer is the hi@cr  roolecular weight
(lower sensitivity) [4]. ‘Ibis  technique [lroviclcs smoother
eclp,cs for metal lift-off than a sinp, tc kiyer p[occss.  Fir-st a
Iaycr of 950 K l’MhJA  (K : units in Kg/rnolc)  is spun on to

a thickness of 100nn~  and bakecl on a hot phitc at 115 “C for
15 minutes. The bake tcrnpcraturc  is kept low due tc) sirlgle
crystal quartz,  wafers bcin~ extremely sensitive to therlnal
strain. A second layer of 2,300 K I’MMA is applied in the

identical way Ap~]licaticJn of the seconci layer is clone while
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the wafer is spinnin~ to prevent intermixing betwcell the two
layers since chlorobcnzene is the solvent in both. Another
way to address the it]tcrmixing,  problem is to use a different
solvent in the top layer [5]. After e-beam exposu]  c and
developnleat,  a gold film 2S nrn thick is deposited at 1 nn\/s
by electron beam evaporation in a vacuum systcrn  with a base
pressure of 3X10-S  IIa . The gold lines remaining after lift-off
arc between 50-200 nm wide and several microns long. l“his
result is depicted in l;ig, 1 b,
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I;iF,. 1. Sketch of steps for  self-aligned process.

‘J’bc length of the bolomctcr  is defined by the secc)nd
c-bcarn  lithography step. We as,ain usc the bilzryer PMMA
stencil technique clescribcd above. ‘1’wo ~old pads of 110
n[n  thick with a nar[cnv p,ap S0-300 nln long arc posit  iorlcct
over the cxistir]g lillc. l’his composite side view is shown in
l;ifl.lc.  and is better visualized froln a top view in the cclltcr
of Fiq,. ?..

I’ig. 2. 80nn1 x 80rlrr] Nb nlicrobridgt with Aa parts

1 ‘hc composite sh ucturc of gold pads and line forms a
self-aligned mask for etching out the link leaving, niobium
under tllc entire pads area. Gold and niobium in the
surloul]dirlg field are ctchcd in a two step reactive ion etching
(1{11)  process. Ar~,on plasma etching removes the 15nrn of
(told over the field arid Ieavcs 25 ntll remaining over tllc:>
bo]orncter  link area. ‘lo achieve Nb etch directionality we
usc a chlorine containing:, gas (freon) mixture at 3.9 Pa with
f t o w  pcrcentascs of 62%’0 CC12F2  i 31940  CI’4  + 7 %  Q. The
RI}{ system clcctrodc  is 30 cm in diameter and is powered by
a 13 M} lZ l<l; ~,el~crator  at 200 watts throu~, b a matching
network. Tyl)ical electrode floating potential is 300 - 400
volts. ‘l’able 1 below gives the etch r:itcs for various gas -
etch material colnbinations  of conccrm here. Although, with
the rattler short etch tirrles involved, latency in the etch
process requires visual monitoring for crlrl point detection.
C’arc is taken not to over etch since the Nb etch will also
] CI]IOVC  some ~,old. A sheet resistance Incasurement  is taken
on the ficlcl area after the etch to verify that the Nb has been
colnplctcly temoved. Water ritlsin~ of the wafer  af ter  etc}]ing

is ncccss:iry  to remove residual cblorinc compounds which
rl)ay attack the Nb al]cl clegradc dcvicc lifetime. ‘1’hc isolated
link with pads after }{1}: is dcpictcd in l’i~,.
thin :,olcl layer still pi-c) tccts ttlc Iirlk itself.

“lAIII,E 1.
I’tclI rates (nrnlrni]l  )
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Antenna st{ ucturcs for “1’1  17, coupling to the 111;11  arc
fat,] icatcd of ~,old to rcducc losses, Thel. ? ‘If IX dipoles are
lalf,c cnoitq,h to use optical lithography with a projection
s(c~lt)cr, ivhcrcas, the 2,5 “I”IIZ, slot stluctulcs  rcc~uire c-beam
Iitliop,raptly mated tcl ol)tically exposed Ccjntact areas, IlOth



applicat ions are done by lift-off of 300 nm of e-benm
evaporated Au with a 3 nm Ti adhesion layer. ‘1’his  result is

shown in Fig. le and the top views of the actual antennas are
displayed in F’ig.3.

l:ig,ure3  (a) 1.2”1t Izl)ipolc ar1tcr~r]a, (b) 2.5 ‘Itlzslo[arl[cnno

Our antenna lift-off stencil employed in the 1.2 ‘1}17,
dipole clcsign consists of bilayerof OCG 897-12  i photoresist
on S00 nm thick PMMA. After the top resis~ layer is
patterned, the mixed intcrlayer is removed by oxy~,en RI J;.
“1’bc PMMA is exposed with deep LJV anti developed out Ivith
1 : 3  m e t h y l  isobutyl  ke tone  (MIIIK):  isopropanol  “i’his
rnethoc! produces a stepped cclgc plofile with the resist
Ovcl-hang  of about 300 nm which enables lift-off of structures
clown to 1 pm.

‘1’hc 2.5 “l”JIz slot antenna design requires lift-off of
features down to 0.5 pm. 1{-bearn Iithop,raphy  is u s e d  to

pattern J)MMA on layers of 20 nm Nh covering 700 nrn of
polyimicle. “l’he Nb layer is used bet}]  for anti-c}] ar:ir)g
d~rr-ing e-bean]  writing and to prevent interaction betwecen

polyimide  and PMMA. A 30 nm film ofchromiurn  is lifted
of with the PMMA 1,argc mating structures are patterned
using AZS2 14 photoresist to reduce writing time on the c-
bcam lithography system. l“hc composite mask of Cr and
resist serves as an RIF mask for the Nb / polyimide below.
Nb is etched with CF, + 10’% C)t and the polyimide is etched
in pure Oz . RIE is done at 1.3 Pa, 200 watts rf in a system
with graphite electrodes and kapton sheet lined walls to
eliminate “grassy” residue [6]. IIere the Nb develops a slight
overhang which allows for good lift-off when the polyimide
is dissolved in dichloromcthane.

Finishing the process involves removal of the remaining
gold which has protected the link during processing ;ind then
applying silicon-monoxide as a protective irlsulator. l’he
\vafer is patterned by A7,5214 resist with window openings
over the link area, Gold is etched off using RIfi with 800/0 Ar
+ 20% Q which will only produce a thin oxide over the Nb
link and not substantially etch it, Etch selectivity data is
given in table 1. SiO is deposited in another vacuum system
immediately after RIE. l“hc SiO is tJlermally  evaporated to a
thickness of 40 nm with the sample rotating at near normal
incidence. lift-off of the field SiO is done in iicctone.

Photoresist is applied for protection during diamond saw
dicing of the wafer into chips and later handling.

111. ELI:CTRICAI,  CHAMCTI;RIZATION

“1’he device wafers also contain several test chips designed
for diagnostic purposes at low frequency. Roth 1’, and sheet
resistance were inspected on links rangin~ in size from 80 nm
to 5 pm in width and length. I’he yield is generally
acceptable with typical results given in table 2 below. l’hese
results are representative of three different wafer runs of 1.2
‘1’llz dipole devices and three different wafer runs of :?.5 I’IIz,
slot devices. Resistance values arc taken at 10 K. Critical
current values are given for devices in liquid IIe i]t 4 K.
Resistance vs. temperature data are taken at current levels
lower than 109’o of the 4 K critical current and the transition
midpoint is given in the table. I)evice characteristics vary
from run to run, also depending on device size, and the
location on the wafer. The width of the transition point is
typically 0,3 K, but tends to get wider with dccreasins  link
si7e.

‘1’ypical 4 K resistivity  for our gold films is 1 }Klcm.  We
assume this accounts for up to 0.5 ohms of series resistance
near the link and =1.5 ohms of series resistance in the IF
filter section.

I’rclirninary  7’}17 receiver results will be presented
elsewhere in these procecciings  [7,8}. Some of the test chips
from the 1.2 T’}lz. wafers have been chrrracterizccl by the Yale
~,r(>llp  Illore exterlsively for link siz,c variations at 10CJ 1 IZ
and performance at lower temperatures [3].



1’AIII,E II

1 ypicai  results from device waler runs

—-.. —
R (Qfsq.) Jc (A/ Cl!)’ ) “IL (K)

] ,~q [)! 25 3X 10” 6
I .21’ 1)2 35 2X 10” 5
I .2’1’ 1)3 ?0 5x 10” 65
2.5-I S1 44 3x 10’ 4,5

2.5’1” S2 Is 1 x 10’ 7
2,5’1’ S3 20 8x 10(’ 6.4

IV. SUMN4AI{Y

W e  have presented the detai ls  of our pmccssinp,
proccclur-e  for submicron  H}ill clevices with Nb bridp,cs and
g,old heat sinks. Our method utilizes an overlapping, n]ask
technique which produces a self-aligned heat sink with the
IiIlk n)a(erial extcncling fully bcrleath it. l;.xamples al-e shown
of how these elements are embedded in rf circuits for
applicatiorl in quasi optical heterodyc receivers o})cratitlg at
1.21’llTwith  double dipole aTlterlnaarlci 2.5 l’ll~usin~,  twin
slotted antennas. l’esting of the devices shows that they can
be fabricated within reasonable design tolerances for
dimc])sims  down to about 80 nrn.
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